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Lighting contributes to a high percentage of the total energy use in office 
buildings. The lack of financial incentive often dissuades office workers from trying to 
save electricity at their work place. This thesis aims at reducing the total power 
consumed by an office building by using persuasive technologies on the occupants to 
promote environmentally conscious and energy saving behavior.  
A three week field study was conducted by providing occupants of an office 
building feedback about their energy consumption along with messages to encourage 
them to save energy. Feedback was provided via television screens and flyers placed 
strategically at the study location, the fourth floor of the Knoy Hall of Technology, 
Purdue University, West Lafayette campus. 
The results obtained from the analysis of data showed no change in energy 
consumption post intervention. Group feedback thus proved to be ineffective in 
encouraging occupants of this office building to reduce their energy consumption. This 
thesis presents the findings of the study and discusses recommendations and future 




CHAPTER 1. INTRODUCTION 
Wasting energy has huge environmental and economic consequences. A simple 
thing like not turning lights off when not needed – wasting energy, leads to millions of 
tons of carbon being pumped into the atmosphere. This in turn contributes to global 
climate change which makes us all the more energy dependent. 
Residential and commercial buildings in the United States are responsible for 
40% (as of 2013) of all the energy consumption in the country according to U.S. Energy 
Information Administration (EIA). Even after all the cutting edge technology being 
utilized in buildings, there does not seem to be a significant reduction in the amount of 
energy consumed by buildings. A major portion of the energy consumption that takes 
place in a building can be controlled by the building occupants themselves. Figure 1.1, 
which was generated from the information obtained from the United States Energy 
Information Administration (EIA) website, represents the distribution of energy 
consumption in office buildings by function. From this figure it can be seen that lighting 
contributes to about 23% of the total energy use in buildings. It has been observed, that 
poor occupant behavior of not switching off lights and equipment when not in use and 




building. “There is a crying need for building occupants to learn to switch off what they 
do not use” (Masoso & Grobler, 2010, p. 174). 
 
Figure 1.1. Energy consumption percentage in office buildings divided by function 
 
Apart from advancements in the current technology, improvement in the 
behavior of the occupants of a building seems like a good strategy to increase the total 
energy efficiency of a building at almost no extra cost. While many studies in the field of 
environmental psychology focus on household settings (Darby, 2001; Fischer, 2008; 
Seaver & Patterson, 1976; Seligman & Darley, 1977), not as many have been conducted 
in an office or institutional building setting.  
To try and bring about a positive change in the behavior of building occupants, 
‘Persuasive Technology’ can be used. Persuasive technology is a term that broadly 



























(Fogg, 2002). One example of such a system is group feedback. In this method all the 
participants are provided with feedback of how the group as a whole performed. 
 To this effect, the primary question of this study is: How effective is group 
feedback in encouraging occupants of an office building to reduce energy consumption? 
1.1 Scope 
This research was based on observing if group feedback would bring about any 
change in the occupants’ behavior and therefore it took into account those functions of 
energy consumption that the occupants could control. Thus, interior office lighting of 
occupants of two floors in an office building was monitored for the purpose of this 
study. The building selected for this study comprises of private offices, classrooms and 
laboratories. The occupants have control over the all the interior lighting except the 
hallway lighting. Due to the absence of sub-metering in the building, the exact 
percentage of lighting that can be controlled by the building occupants could not be 
determined. 
A four step process was used to conduct this study. The first step was to observe 
and record the normal energy consumption of the occupants in the office building under 
consideration. This aided in establishing normal behavioral tendencies of the occupants 
with respect to energy consumption and also helped coming up with a baseline of 
energy consumption. The second step involved presenting group feedback to the 
occupants based upon their energy consumption information. This group feedback was 
provided to the occupants in two different ways. Firstly, strategically located monitors in 




recommendations to minimize consumption. The same information was also provided in 
the form of flyers/posters that were put up in multiple locations so as to make the 
feedback as ubiquitous as possible. Step three involved collecting supplemental 
qualitative information about the usefulness of the group feedback provided to the 
occupants. This was done in the form of an interview. Occupants were asked for their 
opinions about the group feedback and how it affected their usage and consumption 
pattern. Step four was to analyze the energy consumption data and determine whether 
group feedback was an effective measure to bring about positive behavioral change and 
whether it actually helped reduce the total energy consumption of the building. 
1.2 Significance 
As is seen from the data obtained from the U.S. Energy Information 
Administration (EIA), buildings are responsible for nearly 40% of the energy 
consumption in the United States becoming the largest consuming sector, surpassing 
even the transportation sector and industrial sector.  Commercial buildings account for 
46% of the entire consumption of the building sector (U.S. Department of Energy 
Buildings Databook, 2012). Thus energy savings in office buildings can significantly 
contribute toward the reduction of the total energy consumption of the United States. 
Apart from the reduction in the total energy consumption of the country, saving 
in terms of cost and carbon dioxide (CO2) emissions can also be obtained. The 
importance of reducing carbon emissions is crucial to curbing global warming. 
This research assists in determining if behavioral intervention helps in improving 




suggests that cost and energy savings up to 32% are possible (Darby, 2001; Fischer, 
2008; Petersen et al. 2007). 
Through this research the effectiveness of group feedback in a realistic and 
natural setting could be observed, as compared to other research in this field which has 
mostly been done in a laboratory or simulated setting. Little research has been 
conducted in an office setting as compared to residential settings. The major difference 
between most residential buildings and office buildings would be that in office buildings 
the occupants do not have to pay for the energy consumption and hence lack the drive 
to save energy. 
1.3 Assumptions 
The following assumptions were made in this research: 
• Nobody in the control group is affected by the group feedback provided 
to the test group. 
• The types of lighting fixtures are constant. 
• The interview participants provided honest and accurate responses to the 
researcher. 
• Participants looked at group feedback from at least one source; the 
monitors, flyers/posters, which provided them energy consumption 
information and recommendations to save energy. 
• The occupants of the building understood the feedback that was 





 The limitations which were inherent to this research include: 
• The study was limited by the degree of cooperation received by the 
building occupants. 
• The study was limited by the amount of freedom the management of the 
Knoy Hall of Technology at the Purdue University West Lafayette campus 
provided to the researcher to conduct the field study, provide group 
feedback and conduct interviews. 
• It cannot be said for sure if conservative behavior amongst the building 
occupants will persist if they are not provided with continued feedback. 
1.5 Delimitations 
The delimitations of this research study include: 
• The study only takes into consideration power consumption by internal 
lighting loads and does not consider equipment, space heating, cooling, 
external lighting etc. 
• The duration of the study was limited by logistical constraints to the 
researcher. Feedback was provided from 02/16/15 to 03/06/15. 
• This research study was conducted only in one institutional building in 
the Purdue University West Lafayette campus. 





• Only short term effects of the feedback intervention were studied. 
1.6 Definition of Key Terms 
Persuasive technology – any interactive system designed to change people’s attitudes or 
behaviors (Fogg, 2002). 
group feedback – is providing information to a coherent group about the gap between 
the actual level and reference level of a system parameter which is used to alter 
the gap in some way (Ramaprasad, 2007). 
building occupants – a person, family, group, or organization that lives in, occupies, or 
has quarters or space in or on a building (Dictionary.com Unabridged, n.d.) 
1.7 Summary 
This chapter provided an overview of the research project covering the scope, 
significance, assumptions, limitations, delimitations, and definition of key terms. The 
next chapter will provide an overview of the literature reviewed by providing an outline 
of the current energy problem, history of feedback intervention, the effectiveness of 






CHAPTER 2. REVIEW OF RELEVANT LITERATURE 
 Behavior modification techniques were being studied as far back as the 1890’s. 
Ivan Pavlov conducted his famous experiment where he looked at salivation in dogs in 
response to being fed and if any other object or event could trigger the same response 
from the dog. But it wasn’t until 1976 that behavior modification techniques were first 
used to see if they changed human behavior toward energy consumption. Research 
related to feedback intervention as a technique for behavior modification to reduce 
energy consumption goes back to as early as 1976. Seaver and Patterson (1976) looked 
into using feedback and commendation as a method to reduce oil consumption in light 
of the energy crisis that took place in 1973-1974. Ever since, researchers have created 
various methods of intervention and implemented them in different scenarios to see 
how energy consumption is affected by it. 
 This chapter will examine the current energy problem, a brief history of research 
in the field of feedback intervention to reduce energy consumption, the effectiveness of 
feedback, behavioral elements of a building occupant that need to be considered for 
using intervention as a technique to improve energy efficiency in an office building, and 




2.1 Approach to This Review 
 This review broadly focuses on using feedback intervention (group feedback) 
among the occupants of a building to reduce energy consumption in an office building. 
The chapter has been approached in this fashion because the breadth and depth of the 
literature related to reducing energy consumption in buildings and using feedback 
intervention as a behavior modification technique is enormous, making it rather tough 
to provide a fair summary of the literature related to these fields. To be able to provide 
a solid foundation for understanding this study and possibly building upon it by other 
researchers in the future, the author decided to provide, as best as possible, a 
comprehensive overview of the literature. 
2.2 Acknowledging the Current Energy Problem 
 Buildings in the United States are responsible for nearly 48% of all the energy 
consumption in the country according to U.S. Energy Information Administration (EIA). 
There is an immense amount of attention given to the carbon dioxide emissions by the 
transportation sector in the United States. The truth is that the maximum carbon 
dioxide emission, nearly 50%, is caused by the building sector as compared to 34.3% and 
21.1% by the transportation and industrial sectors respectively. 
 The energy savings potential is quite high in the building sector owing to the fact 
that the building sector is responsible for nearly 40% of all the energy consumption in 
the United States. The potential for saving energy exists in the new buildings as well as 
the old buildings. A major portion of the energy consumption that takes place in a 




approximately 30% (lighting and equipment) of the energy consumed in an office 
building can be controlled by the building occupant themselves (U.S. Energy Information 
Administration, 2013). This can be leveraged to reduce energy consumption by buildings 
at practically no extra cost. 
2.3 The History of Feedback Intervention to Reduce Energy Consumption Research 
The effect of feedback intervention on human behavior has been studied for a 
very long time but it wasn’t until 1976 that feedback intervention was first used to see if 
it changed human behavior toward energy consumption, making people more energy 
conscious. One of the first publications with a primary focus on this topic was by Seaver 
and Patterson. Seaver and Patterson (1976) looked at how feedback and commendation 
could help people change their attitudes toward fuel-oil consumption in light of the 
energy crisis of 1973-1974. What they found was that informational feedback alone did 
not help reduce consumption but commendation such as a decal which represented a 
token of social recognition did bring about positive behavior change. 
Seligman and Darley (1977) concluded that the world is in an “energy crisis”. 
Energy costs are increasing rapidly and will continue to do so. Energy shortages have 
been experienced; conservation techniques are needed. Seligman and Darley provided 
feedback to residential owners four times a week for a month and observed that during 
the feedback period the consumption of the test group reduced by 10.5%. 
As the need for having energy conservation techniques increased, more research 
started emerging on how feedback intervention could help reduce energy consumption. 




researching because this method was extremely economical and, if successful, would 
result in a large amount of energy conservation. 
Although research was being carried out in this area, all the research was 
directed toward improving energy efficiency in residential buildings (Cook & Berrenberg, 
1981; Seaver & Patterson, 1976; Seligman & Darley, 1977). As time progressed most 
research still focused on investigating the effectiveness of feedback in a household 
setting. One of the earliest studies conducted in the realm of the commercial sector was 
by Petersen, Shunturov, Janda, Plaat & Weinberger in 2007. The study was conducted in 
university residence halls and apart from providing informational group feedback and 
organizing an educational campaign, incentive in the form of an ice cream party was 
also provided. The results showed a decreased use in electricity consumption by 32% 
and water consumption by 3%. Another study performed by Carrico and Reimer in 2010 
in 24 university buildings is relevant because they concluded that energy reduction 
through feedback could be achieved even when economic incentives were absent.  
The most recent study conducted to see the effect of providing feedback on 
energy consumption in an office setting was by Borbonés in 2013. The study was 
conducted at Mechanical Engineering building at Purdue University. Borbonés found 
that although intervention did not help reduce energy consumption, it possibly helped 
curb the increase of energy use as compared to the increase of energy use observed 





2.4 Effectiveness of Feedback Intervention 
One of the most influential factors that affects energy consumption in any 
organization is occupant behavior. However, behavior is a human characteristic that is 
difficult to modify. Therefore, persuasive technologies are used to help change people’s 
behavior. Persuasive technology can be defined as “any interactive system designed to 
change people’s attitudes or behaviors” (Fogg, 2002, p. 1). Feedback is an essential 
component for many behavior modifying techniques and has been shown to be 
extremely successful at persuading individuals to bring about a change in their behavior. 
Feedback is a persuasive method that provides people information about their 
performance, so that consequences of a certain behavior become clear (Abrahamse, 
Steg, Vlek, & Rothengatter, 2005). 
A review of the recent literature about the effectiveness of feedback shows that 
using feedback can reduce consumption by up to 30% (Darby, 2001; Fischer 2008; 
Petersen et al. 2007). A number of studies (Abrahamse et al., 2005; Darby, 2001; 
Fischer, 2008) also show that feedback is best when: 
• provided as often as possible, 
• it is provided over a longer period of time, 
• interactive, 
• it is categorized by appliance, 
• engaging and easily understandable, 




There are two different types of comparisons in feedback: normative 
comparisons are those where the performance of an individual is compared to the 
performance of others and historic comparisons where the prior performance of the 
same individual is compared to their current performance (Fischer, 2008). Studies have 
shown that in case of residential settings, historic feedback is better than normative 
feedback (Abrahamse et al., 2005; Fischer, 2008). As opposed to this, research in 
companies has shown that normative feedback is more effective as compared to a 
historic feedback in terms of energy savings (Siero, Bakker, Dekker, & Van den Burg, 
1996). It was also observed by Fischer (2008), that maximum savings were achieved 
when feedback was provided using computers. 
2.5 Group Feedback 
Group feedback is to provide information to a coherent group about the gap 
between the actual level and reference level of a system parameter and is used to alter 
the gap in some way (Ramaprasad, 2007). Karau & Williams (1993) suggested that 
providing a group with performance feedback motivated people to do better. They also 
concluded that social rewards were more useful in modifying people’s behavior as 
compared to financial rewards. It is important to note that Carrico & Reimer (2010) 
concluded that it was not necessary to provide any incentives to bring about 
modification in behavior.  
Handgraaf et al. (2013) suggest that providing a group with information such as 
what practices are approved or disapproved commonly or what other people are doing, 




Midden, Kimura, Ham, Nakajima, and Kleppe (2011) showed through their 
research that group feedback as an intervention technique to reduce energy 
consumption was helpful in bringing about a positive behavior modification amongst a 
group of people in Japan. They also concluded that although group feedback is an 
effective technique, cultural differences need to be taken into account (Midden et al. 
2011). One of the major drawbacks of the study that Midden et al. performed was that 
the groups that they considered were not “real groups”. What Midden and his 
colleagues did was that they assigned an individual to a group with three other 
participants who did not know each other before the experiment. This means that the 
group formed in the study was solely for the purpose of the study and was not a group 
in real life. According to Mullen and Copper (1994), the performance of a real group is 
seen to be much higher than the performance of an artificial group. One other drawback 
of the study was that the group members were all seated separately in different cubicles 
during the experiment and hence there was no direct communication possible between 
the group members. After being seated in different cubicles, they were made to play a 
game where they were given feedback related to their energy consumption and the 
group then had to control digital parameters in the game to reduce their energy usage. 
Cohesiveness is an extremely important characteristic that is an integral 
component of any real group. The term cohesiveness simply refers to the bond that the 
group members share with each other. A cohesive group is one where the group 
members like working with each other or where every member of the group is equally 




positively affects the overall group performance (Karau & Williams, 1993; Mullen & 
Copper, 1994). Performance of a group is also higher when the size of the group is 
limited. Research on social behavior has indicated that as the size of a group increases, 
the performance or the effort put in by an individual from the group tends to decrease 
(Mullen & Copper, 1994). Therefore, an institutional building setting seems to be the 
right place for implementing group feedback as an intervention technique to observe its 
effectiveness on the energy consumption behavior of the building occupants. 
2.6 Summary 
The previous review of literature shows that feedback intervention is indeed an 
effective technique for motivating people to modify their behavior to be more pro 
energy conservational (Abrahmse et al., 2005; Carrico & Riemer, 2010; Darby, 2001; 
Fischer, 2008; Petersen et al., 2007). Also, from the review conducted it can be seen 
that group feedback as a technique of feedback intervention has been effective in 
artificial groups to bring about a positive behavioral modification (Midden et al., 2011). 
Because it has been established that cultural differences need to be taken into account 
when a group feedback is implemented, the current research will investigate the 
effectiveness of using group feedback in a real office group setting in the United States 
as compared to Midden et al. (2011) research that was conducted in an artificial group 
setting in Japan. 
There are several behavioral elements that need to be taken into consideration 




conservational behaviors have a greater likelihood of being performed by building 
occupants when: 
• the overall attitude of the occupants is pro conservational, 
• people have the perception of control over their behavior 
• the social norm in the office setting is focused on reducing energy 
consumption in the building, and 
• development of new habits is not hindered by people’s existing habits. 
The literature review conducted, compliments the significance and relevance of 
the research question asked, that is, “How effective is group feedback in encouraging 
occupants of an office building to reduce energy consumption?” It can be gleaned by 
studying the other works in this area that group feedback as an intervention technique 
has not yet been used in a realistic office setting to evaluate its effectiveness in reducing 





CHAPTER 3. FRAMEWORK AND METHODOLOGY 
This was a quasi-experimental research based on observing the effectiveness of 
group feedback to bring about change in the behavior of building occupants to reduce 
energy consumption. Thus only those functions of energy were considered that the 
occupant could control, in this case, internal lighting. This study would be categorized as 
quantitative research with a minor qualitative component in the form of interviews 
conducted with the test group. 
Initially, normal energy consumption of the sample population was monitored. 
After this, a field study was performed to test the effectiveness of providing group 
feedback to the sample population based on their average daily energy consumption. 
The energy usage data obtained during the field study was then analyzed to check for 
possible improvements that could be made to reduce consumption in the building. 
Lastly, the researcher organized interviews with the test group of the sample population 






Based on the literature review conducted, it was observed that providing 
feedback tends to reduce energy consumed by the participants. Therefore, the 
proposed hypotheses was: 
H1α: The occupants of the office building would reduce consumption of energy 
when provided with group feedback about their consumption during the 
intervention period. 
H10: There would be no reduction in the energy consumption of the building 
occupants on provision of group feedback during the intervention period. 
3.2 Study Location 
The location selected for the study was the Knoy Hall of Technology at Purdue 
University, West Lafayette campus. The location was chosen primarily based upon the 
ease and convenience of access to the building. The researcher is currently attending 
Purdue University as a graduate student in the department of Building Construction 
Management, which is located in the selected building. Thus this made the selection of 
the study location a selection of convenience. The regular hours of operation for the 
Knoy Hall of Technology are from 6am to 11pm and only a select few students and 
faculty have access to the building during the night. 
3.3 Participants 
The location of the study would be the Knoy Hall of Technology at the Purdue University 
West Lafayette campus which is an institutional building with many private offices, 




effect of providing group feedback on energy consumption in an office building, the 
population for the study would be all the occupants of the selected building. The study 
also required a control group and a test group because then the control group would 
serve as a comparison group to see if the treatment provided was actually working. 
Selected private offices on the third floor of the building served as the control group 
while selected private offices on the fourth floor of the building served as the test group 
for the study, thus making the sample population, the occupants of the selected private 
offices. The selection of the sample could not be random. The sample was so selected 
because of its convenience. After studying the electrical plans of the building it was 
observed that a single circuit connected the internal lighting for every four offices. Thus, 
a total of 8 offices (2 circuits) on the third floor were selected to make up the control 
group and 12 offices (3 circuits) on the fourth floor made up the test group. 
Figure 3.1 shows the floor plan of the fourth floor of the Knoy Hall of 
Technology. The private offices highlighted in green make up the test group for the 
study and the two red squares in the figure indicate the location of the television 





Figure 3.1. Fourth Floor Plan of the Knoy Hall of Technology 
 
3.4 IRB Approval 
An approval from the IRB was required to proceed with the study. Because the 
research involved the use of human participants in the field study and an interview 




steps to maintain the anonymity of the research participants. These steps have been 
discussed in detail in the IRB Approval document attached in the appendices section 
(Appendix A). Because this research uses treatment (feedback intervention) for the 
purpose of behavior modification, IRB approval was sought under the Full Review 
category. 
3.5 Collection of Data 
The internal lighting energy consumption of the selected test and control group 
was monitored for the purpose of this study. The system used for data collection was 
manufactured by PowerHouse Dynamics. The product used is called the SiteSage® 
Energy monitoring system. The SiteSage® energy monitoring equipment consists of two 
main components as shown in in Figure 2; the ePod and the Gateway. The ePod or 
eMonitor can monitor up to 14 CT’s (Current Transformer’s) and it communicates 
wirelessly with the gateway device which manages the upload and download of data to 
a cloud-based software. The ePod or the eMonitor has to be mounted inside an 
electric/circuit breaker panel. The CT’s clamp onto the breaker wires, which means that 
for every circuit that needs to be monitored, a sensor has to be clamped around the 
wire coming out of the breaker in the panel. The sensors are then connected to the 
channel ports on the ePod. After the installation of the ePod the gateway device needs 
to be configured. The gateway device needs to be placed within 30 feet of the ePod and 
near a 120V power outlet. The gateway device is then paired with the ePod with the 
help of WiFi or an Ethernet cable. The role of the gateway device is to wirelessly collect 




data can then be accessed through a password protected dashboard. The user has 
access to minute-by-minute energy consumption data of the circuits being monitored. 
Apart from this, the total energy consumption data of the entire office building will be 
obtained from the energy meters installed in the building. 
 
Figure 3.2. SiteSage® Energy Monitoring Equipment (EnergyCircle, n.d.) 
 
3.6 Procedure 
The first step in the process after installation of the energy monitoring devices 
was to observe the normal consumption pattern of energy for both, the third floor, 
which served as the control group, and fourth floor, which served as the test group for 
the experiment. Monitoring of normal energy usage started on November 9, 2013. The 
monitoring of energy consumption few weeks prior to beginning treatment enabled the 
researcher to come up with a baseline.  The baseline calculation has been discussed in 
further detail in Chapter 4.The next step was to provide group feedback to the test 
group. Feedback of consumption was provided for a period of three weeks starting from 




a dashboard displayed on two large television screens located strategically on the office 
floor where everyone could see the energy consumption data. Flyers with the same 
information were put up in three different places on the fourth floor. The researcher 
tried to place the flyers in places where they would not go unnoticed. 
Figure 3.3 shows the dashboard that was used to provide feedback during the 
intervention period. The line graph shown on the dashboard served the purpose of 
providing both normative and historic feedback. It shows the comparison of the test 
group (solid orange line) to the control group (solid blue line) and it also highlights the 
difference in consumption by displaying the previous weeks consumption represented 
by the orange and blue dotted lines for the test and control group respectively. On the 
right hand side practical recommendations were provided to the occupants which they 
could implement to reduce their consumption. 
 




The two smiley faces aided in providing social approval or disapproval. A sad 
smiley was shown when the control group was performing better than the test group 
with regards to total energy consumption. A happy smiley was shown in this case when 
the increase in consumption for the test group was lower than the increase in 
consumption of the control group. 
 
Figure 3.4. Flat Screen Display with the Feedback Dashboard 
 
At the end of the duration of the field study, all the data collected was analyzed 
to check how group feedback affected the energy consumption of the building 
occupants. Details of the analysis are provided in the next chapter. 
On conclusion of the field study, personal interviews of the occupants in the test 
group were also conducted. The purpose of the interviews was to gain some qualitative 




behavior of the participants and also to learn their attitude toward the group feedback 
exercise. The evaluation provided by the building occupants helped in improving the 
dashboard which could bring about better results in the future. A semi-structured 
interview was conducted with the sample population. A semi-structured interview has 
open ended questions which allow the interviewee to respond to the questions without 
presented or implied choices (Merriam, 1998). It also allows the respondents the 
flexibility to express their opinions in their own terms. The interviews conducted were 
recorded and transcribed for better analysis. The transcribed interviews are attached in 
the appendices section. The interview questions were based off of similar questions 
asked by other authors related to feedback intervention studies (Cuadrado-Borbonés, 
2013; Vos, 2013). The questions have been presented in Appendix B of the thesis. 
 




3.7 Data Analysis & Metrics 
The primary variable under consideration to evaluate whether feedback 
intervention affected the energy consumption was the internal lighting electricity 
consumption data collected in kilowatt-hour (kWh). The hardware used for collection of 
data was configured to collect consumption data at one minute intervals. This provided 
the researcher with a high degree of detail and granularity. 
In order to have a uniform metric of comparison among the sub-groups the data 
collected during the intervention period was adjusted with respect to a unique baseline 
for each sub group. The baseline was calculated using the data collected prior to the 
consumption period, the details of which are provided in the next chapter. 
For the purpose of this study, a paired samples t-test, also referred to as the 
repeated measures t-test, was used to compute and analyze the data using the software 
Statistical Package for the Social Sciences (SPSS). A paired samples t-test is perfect for 
study designs where it is required to check if the mean difference between paired 
observations is statistically significantly different from zero. Using a paired samples t-
test for analysis in this study was a fitting option because it checked whether the 
difference in the mean of consumption before the treatment and the mean of 
consumption after the treatment was zero. A zero difference would translate as there 
being no change in consumption before and after treatment while a positive or negative 
value in difference would mean that there was either an increase or decrease in 




the electricity consumption and the two related groups would became the consumption 
values before and after intervention. 
3.8 Summary 
 This chapter provides the basic structure of the methodology which will be 
implemented to conduct this study. Although there still are a few questions to be 
answered, an adequate framework of the research methodology has been defined. The 





CHAPTER 4. DATA ANALYSIS AND RESULTS 
This chapter discusses the details of analysis of the recorded data collected over 
the period of the field study. 
4.1 Baseline Calculation 
The data collection for the study began on November 10, 2014. Collection of 
data was started early so that the researcher could observe normal consumption 
patterns prior to providing feedback. It was observed that there was a large variation in 
the means of the consumption between the control groups and test groups. To ensure 
uniform comparison, the variation in consumption and not the absolute consumption, 
had to be observed. Also weekends were excluded from the study because it was 
observed there is minimal consumption during weekends, as is observed in Figure 4.1. 




A baseline was calculated individually for each of the sub-groups (2 control and 3 
treatment groups). For the calculation of this baseline average consumption for every 
week day, 3 weeks prior to the intervention period was computed. For example, the 
formula for baseline calculation for a group for Tuesday, 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑇𝑇𝑇𝑇𝑇𝑇 =  ∑ (𝑊𝑊𝐵𝐵𝐵𝐵𝑊𝑊 1 …𝑊𝑊𝐵𝐵𝐵𝐵𝑊𝑊 3)𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 3  
 
Table 4.1. Baseline Calculations for the different groups in kWh 
 
  MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY 
CONTROL 
GROUP 
GROUP 1 0.816 0.306 0.676 0.487 0.264 
GROUP 2 1.450 0.730 1.280 1.323 0.723 
TREATMENT 
GROUP 
GROUP 3 2.994 3.045 2.795 3.308 2.275 
GROUP 4 0.524 0.392 0.672 0.403 0.372 
GROUP 5 2.964 2.629 1.919 2.368 2.042 
 
The baseline was used to calculate the percentage variation of consumption 
during the intervention period. For example, to calculate the percentage variation in 




𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 4 𝑇𝑇𝐺𝐺𝐵𝐵𝐵𝐵𝑇𝑇𝐵𝐵𝑇𝑇 𝑏𝑏𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑐𝑐𝐺𝐺𝐵𝐵𝐵𝐵𝐺𝐺𝑐𝑐𝐺𝐺𝑐𝑐𝐵𝐵𝐺𝐺𝐵𝐵 − 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 4 𝑇𝑇𝐺𝐺𝐵𝐵𝐵𝐵𝑇𝑇𝐵𝐵𝑇𝑇 𝑐𝑐𝐺𝐺𝐺𝐺𝐺𝐺𝐵𝐵𝐵𝐵𝑐𝑐 𝑐𝑐𝐺𝐺𝐵𝐵𝐵𝐵𝐺𝐺𝑐𝑐𝐺𝐺𝑐𝑐𝐵𝐵𝐺𝐺𝐵𝐵






Figure 4.2. Variation of consumption from baseline over the intervention period – 
Control Groups (2/16/15 to 3/6/15) 
 
Figure 4.2 shows the variation of the electricity consumption from the baseline 
of the control groups over the intervention period. It can be observed from the chart 
that the consumption is varying quite a lot from the baseline in both directions. This can 
mean that collection of data for baseline consumption should have been done over a 
longer period of time to reduce the high variation in consumption data. 
Figure 4.3 shows the variation of the electricity consumption from the baseline 
of the test groups over the intervention period. Again it can be seen that the 
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Figure 4.3. Variation of consumption from baseline over the intervention period – Test 
Groups (2/16/15 to 3/6/15) 
 
4.2 Paired Samples t-Test 
As discussed earlier, a paired samples t-test was carried out in SPSS to analyze 
the quantitative data. The groups were examined to see if treatment had any statistical 
significance on the means of consumption before and after feedback. A significance 
level of 0.05 or 5% was used in the analysis. This means that on repeating the 
experiment over and over again the results that are obtained have a chance of being 
true 95% of the times. The value of alpha chosen for this experiment was adequate and 
lower significance level was not required owing to the simple nature of the experiment. 
If a p-value greater than 0.05 is obtained then that means that the difference in the 
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indicates that the difference in the mean is statistically significant. A number of 
assumptions had to be checked for prior to conducting the test. 
 
Table 4.2. Results of the paired samples t-test, all p-values > 0.05 
 
t df Significance (2-tailed) 
   
CONTROL 
GROUP 
Group 1 Post - Pre 0.543 14 0.596 
Group 2 Post - Pre -1.29 14 0.218 
TREATMENT 
GROUP 
Group 3 Post - Pre -1.33 14 0.204 
Group 4 Post - Pre 0.097 14 0.924 
Group 5 Post - Pre 0.275 14 0.787 
 
The first assumption in this test is that there is one dependent variable which is 
being measured at the continuous level, in this case electricity consumption. The second 
assumption is that there is one independent variable consisting of two related groups. In 
this case it would be the group being analyzed (Control group 1, Control group 2, Test 
group 1, Test group 2 or Test group 3). “Related groups” means that the two groups are 
not independent. So for example if Test group 1 is considered for analysis, then the first 
related group will consist of the sample population prior to providing treatment and the 
second related group will consist of the same sample, but now after providing 
treatment. 
The third assumption which relates to the paired samples t-test is that there 
should be no significant outliers in the differences between the two related groups. And 
the last assumption is that the distribution of differences of the dependent variable 




last two assumptions are being violated a box-plot and Shapiro-Wilk’s Test for normality 
respectively, were used.  
The hypothesis that was being tested is stated as follows: H0: µpre-intervention = µpost-
intervention against the alternative Hα:  µpre-intervention ≠ µpost-intervention. The test attempts to 
check if there was any change in consumption within each group, before and after 
intervention. 
4.2.1 Control Group 1 
In this case a paired-samples t-test was used to determine whether there was a 
statistically significant mean change between the electricity consumption during the 
pre-intervention and post-intervention periods when participants were provided no 
feedback about their consumption. There were no outliers in the data, as assessed by 
inspection of a boxplot for values greater than 1.5 box-lengths from the edge of the box. 
The changes between the electricity consumption in the pre-intervention and 
post-intervention period were normally distributed, as assessed by Shapiro-Wilk's test 
(p = .781). Therefore the assumption of normality was not violated. 
 The changes between the electricity consumption in the pre-intervention and 
post-intervention period were normally distributed, as assessed by visual inspection of a 
Normal Q-Q Plot as well (Figure 4.4). 
Participants of this group were not provided any feedback of their consumption. These 
participants had higher consumption during the post-intervention period (M = 0.595, SD 
= 0.388) as opposed to the pre-intervention period (M = 0.510, SD = 0.391). A mean 




consumption was observed. Here SE is the standard error, t (14) stands for the t-value 
with 14 degrees of freedom. 
 
Figure 4.4. Normal Q-Q Plot for Control Group 1 
 
The test did not yield any statistically significant results (p > 0.05), therefore we 
can reject the alternative hypothesis µpre-intervention ≠ µpost-intervention and fail to reject the 
null hypothesis µpre-intervention = µpost-intervention. 
4.2.2 Control Group 2 
In this case a paired-samples t-test was used to determine whether there was a 
statistically significant mean change between the electricity consumption during the 




feedback about their consumption. Two outliers were detected in the data, as assessed 
by inspection of a boxplot for values greater than 1.5 box-lengths from the edge of the 
box. Inspection of their values did not reveal them to be extreme and they were kept in 
the analysis. 
The changes between the electricity consumption in the pre-intervention and 
post-intervention period were normally distributed, as assessed by Shapiro-Wilk's test 
(p = .053). Therefore the assumption of normality was not violated. 
The changes between the electricity consumption in the pre-intervention and 
post-intervention period were normally distributed, as assessed by visual inspection of a 
Normal Q-Q Plot as well (Figure 4.5). 
Participants of this group were not provided any feedback of their consumption. 
These participants had lower consumption during the post-intervention period (M = 
0.909, SD = 0.424) as opposed to the pre-intervention period (M = 1.086, SD = 0.774). A 
mean decrease of 1.770 kWh (SE = 0.137), t (14) = 1.29, p > 0.05 in the electricity 
consumption was observed. Here SE is the standard error, t (14) stands for the t-value 
with 14 degrees of freedom. 
The test did not yield any statistically significant results (p > 0.05), therefore we 
can reject the alternative hypothesis µpre-intervention ≠ µpost-intervention and fail to reject the 





Figure 4.5. Normal Q-Q Plot for Control Group 2 
 
4.2.3 Test Group 1 
In this case a paired-samples t-test was used to determine whether there was a 
statistically significant mean change between the electricity consumption during the 
pre-intervention and post-intervention periods when participants were provided group 
feedback about their consumption. There were no outliers in the data, as assessed by 




The changes between the electricity consumption in the pre-intervention and 
post-intervention period were normally distributed, as assessed by Shapiro-Wilk's test 
(p = .958). Therefore the assumption of normality was not violated. 
The changes between the electricity consumption in the pre-intervention and 
post-intervention period were normally distributed, as assessed by visual inspection of a 
Normal Q-Q Plot as well (Figure 4.6). 
Participants of this group were provided group feedback based on their 
consumption. These participants had lower consumption during the post-intervention 
period (M = 2.503, SD = 0.881) as opposed to the pre-intervention period (M = 2.883, SD 
= 0.854). A mean decrease of 0.38 kWh (SE = 0.285), t (14) = 1.33, p > 0.05 in the 
electricity consumption was observed. Here SE is the standard error, t (14) stands for 
the t-value with 14 degrees of freedom. 
The test did not yield any statistically significant results (p > 0.05), therefore we 
can reject the alternative hypothesis µpre-intervention ≠ µpost-intervention and fail to reject the 





Figure 4.6. Normal Q-Q Plot for Test Group 1 
 
4.2.4 Test Group 2 
In this case a paired-samples t-test was used to determine whether there was a 
statistically significant mean change between the electricity consumption during the 
pre-intervention and post-intervention periods when participants were provided group 
feedback about their consumption. There were no outliers in the data, as assessed by 




The changes between the electricity consumption in the pre-intervention and 
post-intervention period were normally distributed, as assessed by Shapiro-Wilk's test 
(p = .202). Therefore the assumption of normality was not violated. 
The changes between the electricity consumption in the pre-intervention and 
post-intervention period were normally distributed, as assessed by visual inspection of a 
Normal Q-Q Plot as well (Figure 4.7). 
Participants of this group were provided group feedback based on their consumption. 
These participants had higher consumption during the post-intervention period (M = 
0.482, SD = 0.274) as opposed to the pre-intervention period (M = 0.473, SD = 0.225). A 
mean increase of 0.010 kWh (SE = 0.099), t (14) = 0.097, p > 0.05 in the electricity 
consumption was observed. Here SE is the standard error, t (14) stands for the t-value 





Figure 4.7. Normal Q-Q Plot for Test Group 2 
The test did not yield any statistically significant results (p > 0.05), therefore we 
can reject the alternative hypothesis µpre-intervention ≠ µpost-intervention and fail to reject the 
null hypothesis µpre-intervention = µpost-intervention. 
 
4.2.5 Test Group 3 
In this case a paired-samples t-test was used to determine whether there was a 
statistically significant mean change between the electricity consumption during the 




feedback about their consumption. There were no outliers in the data, as assessed by 
inspection of a boxplot for values greater than 1.5 box-lengths from the edge of the box. 
The changes between the electricity consumption in the pre-intervention and 
post-intervention period were normally distributed, as assessed by Shapiro-Wilk's test 
(p = .601). Therefore the assumption of normality was not violated. 
The changes between the electricity consumption in the pre-intervention and 
post-intervention period were normally distributed, as assessed by visual inspection of a 
Normal Q-Q Plot as well (Figure 4.8). 
Participants of this group were provided group feedback based on their 
consumption. These participants had higher consumption during the post-intervention 
period (M = 2.453, SD = 0.604) as opposed to the pre-intervention period (M = 2.384, SD 
= 0.824). A mean increase of 0.068 kWh (SE = 0.249), t (14) = 0.275, p > 0.05 in the 
electricity consumption was observed. Here SE is the standard error, t (14) stands for 





Figure 4.8. Normal Q-Q Plot for Test Group 3 
 
The test did not yield any statistically significant results (p > 0.05), therefore we 
can reject the alternative hypothesis µpre-intervention ≠ µpost-intervention and fail to reject the 





Figure 4.9. Comparison of Total Consumption of the Groups Pre & Post Treatment 
 
4.3 Interview Analysis 
The questions for the interview were selected based on other interviews 
conducted in similar studies (Cuadrado-Borbonés, 2013; Vos, 2013). The researcher felt 
that the answers received to the interview questions, in this study and other studies 
were accurately conveying the information that was expected from the questions. This 
reinforces face validity of the selected interview questions which is the weakest type of 
validity. The validity of the interview questions is strengthened by construct validity 
because other researchers feel that these questions answered what they were designed 
to in their respective studies. The interviews conducted consisted of five questions. Out 
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responses to the interview questions could have been affected by measurement bias. In 
this case there is a possibility that the respondents tried to provide the interviewer with 
answers which would be considered to be socially desirable. 
 
Question #1: Where all have you noticed energy consumption feedback information in 
the building? 
Table 4.3. Summary of Responses for Question #1 
Answer Number of Responses Percentage 
Both TV Screen & Flyers 6 66.67% 
TV Screen Only 1 11.11% 
Flyers Only 1 11.11% 
Did not see it 1 11.11% 
 
Question #2: What did you think were the positive characteristics of the feedback? 
Table 4.4. Summary of Responses for Question #2 
Answer Number of Responses Percentage 
Increased awareness and made people 
think about energy consumption 
 
4 44.45% 
Found it interesting and fun [the 
competition with another floor] 
 
1 11.11% 
No response because never read 






Did not find any positive 1 11.11% 
 
Question #3: What did you think were the negative characteristics of the feedback? 
Table 4.5. Summary of Responses for Question #3 
Answer Number of Responses Percentage 
Thought that floor to floor comparison is 
not fair because of the many differences 
between two floors [did not know only 
internal lighting was considered] 
 
3 44.45% 
Not naming the other floor in feedback 
 
1 11.11% 
No response because never read 
information on dashboard 
 
3 33.33% 
Did not find any negative 2 22.22% 
 
Question #4: In what way did the feedback affect your behavior or attitude? 
Table 4.6. Summary of Responses for Question #4 
Answer Number of Responses Percentage 
Made the occupant change their behavior 
and start reducing their consumption or 




Reminded them to turn everything off at 
the end of the day and increased 
awareness in general 
 
2 22.22% 





Question #5: How could the feedback be improved? 
Participants felt that they did not notice the feedback being updated. The 
changes in the update were too subtle for them to notice and because they thought 
they were looking at the same dashboard again they did not bother reading the 
information on the dashboard. 
“I thought I was looking at the same one over and over.” (Participant #6) 
“Maybe have some different colors every time you update the dashboard so it is 
easily noticeable.” (Participant #1) 
Another common suggestion was that the participants wanted to know which 
other floor they were being compared against and they wanted additional information 
about how the data was being monitored and collected so as to ensure that the 
comparison being made was completely fair. 
“It would have helped to know exactly what was being compared, to know if it 
was totally equal.” (Participant #2) 
“I guess, give the feedback based on a square footage, because then we would 
have square footage for the first floor, second floor, third floor given to us on a 
watt/square foot and then that would be apples to apples.” (Participant #5) 
A participant also suggested that it would be a good idea if the data displayed on 
the dashboard could be translated into actual dollars or carbon emissions in terms of 
number of car rides. 
Another participant felt that even though their floor was losing the competition 




them on the dashboard along with the negative result which would encourage the 
occupants and not make them resent the feedback being provided. 
A common theme that was observed in most interviews was that the 
participants seemed motivated and interested at the idea of competing with other 
floors to see which floor could minimize wastage of energy but were concerned if the 
comparison being made with other floors was fair. Participants felt that not all factors 




CHAPTER 5. CONCLUSIONS, DISCUSSIONS & RECOMMENDATIONS 
This chapter discusses the conclusion that were drawn from the results obtained 
in the previous chapter. Also, recommendations for other similar studies and future 
work to build upon this study is discussed in the chapter. 
The aim of the study was to see the effectiveness of providing group feedback to 
occupants of an institutional building in an office setting on their lighting energy 
consumption. The study was designed after reviewing other similar studies (Cuadrado-
Borbonés, 2013; Petersen et al., 2007; Vos, 2013) in the field and tried to encompass as 
many of the relevant recommendations as possible. For this study energy monitoring 
hardware (SiteSage Energy Monitoring System manufactured by PowerHouse Dynamics) 
was installed at the selected location, the Knoy Hall of Technology in the Purdue 
University West Lafayette campus. Energy was being monitored for multiple lighting 
circuits on two floors of the building, where one floor served as the control group and 
the other floor served as the treatment group. Data collected from the monitoring 
hardware was wirelessly uploaded to the vendor’s website where it could be accessed 
and manipulated by the researcher to design a dashboard to provide group feedback to 
the building occupants. Feedback was provided to the occupants via television screens 




energy consumption feedback dashboard were simple and can easily be replicated by 
other researchers. 
5.1 Conclusions from the Analyzed Quantitative Data 
The quantitative data collected in this quasi experimental study was analyzed 
and presented in the previous chapter. The analysis helped provide an answer to the 
proposed research question. The primary hypotheses for the study stated in chapter 3 
are as follows: 
H1α: The occupants of the office building would reduce consumption of energy 
when provided with group feedback about their consumption during the 
intervention period. 
H10: There would be no reduction in the energy consumption of the building 
occupants on provision of group feedback during the intervention period. 
The rejection of the null hypothesis or the inability to reject it was based on the 
results obtained from the paired samples t-test performed in the previous chapter. The 
test was conducted separately on the five groups (2 control and 3 test). None of the 
results obtained showed any statistically significant difference in the difference of 
means of consumption pre-intervention and post-intervention for any of the groups (p > 
0.05). Analysis for Control group 1, Test Group 2 and Test Group 3 showed a small 
increase in the mean of electricity consumption in the post-intervention period. On the 
other hand, analysis for Control group 2 and Test group 1 showed a small decrease in 
the mean of electricity consumption in the post intervention period. Because none of 




provided to the occupants of Knoy Hall fourth floor offices had no effect whatsoever on 
the electricity consumption of the occupants. Therefore we fail to reject the stated null 
hypothesis. 
In summary, providing group feedback did not induce any savings in Knoy Hall 
energy consumption. The researcher was unable to replicate the results observed in 
other studies where energy reductions up to 32% were observed (Darby, 2001; Fischer 
2008; Petersen, 2007). The researcher suggests improving the group feedback provided 
based on the recommendations discussed later in this chapter or trying a different 
approach all together may help reduce energy consumption in similar buildings. 
5.2 Conclusions from the Analyzed Qualitative Data 
Qualitative data was obtained in this study by conducting semi-structured 
personal interviews with the participants of the study. The researcher was able to have 
9 interviews out of the 12 members of the sample population of the test group. The 
analysis and results of the interview questions were discussed in the previous chapter. 
The primary goal of conducting personal interviews in addition to the quantitative data 
was to get an insight into the opinions of the participants on the group feedback 
provided to them.  
The personal interviews provided the researcher with some useful feedback to 
improve the dashboard and the way group feedback was being provided. Some 




• Most participants failed to notice that the feedback was being updated 
regularly. After seeing the dashboard one time they felt that they were looking 
at the same thing every day in the following weeks. 
• In general, the participants felt that the feedback provided increased 
awareness about energy conservation. 
• Another conclusion from the interviews was that all the participants 
found the competition aspect of the feedback very interesting and they put in a 
lot of thought into which other floor they were being compared against. 
• Most participants felt that they were unsure if the comparison that was 
being made to the other floor was fair. They questioned whether the researcher 
had considered all the factors to ensure that it was fair. 
• The occupants also felt that it would be helpful if the feedback was more 
detailed and showed exactly what was being monitored and how it was being 
monitored. 
The interviews provided the researcher with a lot of useful information which 
could be leveraged to improve feedback intervention for other studies. Apart from this, 
the researcher also gleaned from the interviews that most of the participants either did 
not read the dashboard correctly, did not read the contents of the entire dashboard or 
misinterpreted the information provided. Some participants suggested that it would 
help if practical tips and reminders were provided along with the dashboard so that the 




not notice that these tips were already provided on the dashboard. Other participants 
suggested that positive reinforcement along with the dashboard would encourage 
occupants to save energy. They failed to notice that for at least half the entire 
intervention period a happy smiley and a positive reinforcement message of how the 
treatment group was doing better than the other floor was being displayed. This leads 
the researcher to the conclusion that the design of the dashboard has a lot of potential 
for improvement so that people do not miss or misinterpret the information being 
displayed. 
5.3 Recommendations and Future Work 
This study could not replicate the results reported by Darby, 2001, Fischer 2008, 
Petersen et al., 2007, or other studies conducted in residential settings, where providing 
feedback about consumption brought about reduction in energy use. If others wished to 
conduct a similar study, the researcher identified some factors that could be considered 
to obtain a different result from this study. 
The study made use of the existing equipment at the location to provide 
feedback to the occupants of the building. The television screens used are owned by the 
academic department on the fourth floor of the building. These screens are usually used 
to display information relevant to the department. The dashboard was not continuously 
displayed on these screens during the intervention period. It was inserted in the form of 
multiple slides into a slideshow which displayed other information that was of interest 
to the academic department. There were over 50 slides in the slideshow and the 




slide would remain on the screen only for 15 seconds before being replaced by the rest 
of the slideshow and anyone wanting to read the feedback would have to wait for a few 
minutes before they could see the dashboard slide again. This greatly limited the 
exposure of the dashboard to the building occupants as was established from Question 
#1 of the interview. For future research the dashboard should be displayed continuously 
on television screens so as to avoid limited exposure and viewing time which may lead 
to misinterpretation or incomplete viewing of the dashboard information. 
The researcher recommends that this study be conducted after a previous 
detailed study of the schedule and occupancy patterns of each occupant of the private 
offices. A previous detailed study could also overcome a limitation of the current study 
by identifying and considering the exact type and number of lighting fixtures installed in 
each private office. 
Most of the interview participants expressed a desire to have access to more 
detailed information about data collection and monitoring. The researcher feels that the 
best way to make more detailed information available to the occupants would be 
through the use of a web application. A web application can be accessed from any 
computer and can provide more detailed and in-depth information about the data 
monitoring and energy consumption. The web application has potential to not only 
convey a huge amount of information but will also bring in an interactive component to 
the feedback making it more engaging. 
The researcher learnt from the interviews that one of the main concerns was 




The participants read the feedback information once and never read it again because 
every time they looked at the dashboard they felt it was exactly the same. This was 
because at a distance most of the information on the updated dashboard looked similar 
to the original dashboard. The researcher feels that especially in situations where real-
time feedback is not being provided, the dashboard color scheme should be changed 
every time that it is updated. This very visual change will help the occupants know, even 
at a distance, that the dashboard is not the same as the original. 
Another important recommendation of the study is to provide real-time 
feedback. To provide successful real-time feedback it is important to have dedicated 
television screens for the field study. These television screens should continuously 
display the dashboard. All other studies that did show reduction in energy use provided 
real-time feedback with dedicated monitors to the occupants (Carrico & Reimer, 2011; 
Darby, 2001; Fischer, 2008; Peterson et al., 2007). 
It was observed from section 4.1, there was a very large variation in 
consumption during the intervention period in comparison to the calculated baseline. 
This means that the baseline established for this study was not very robust. Data should 
be monitored over a longer period of time to establish a baseline based on normal 
consumption patterns of the occupants. This could help in minimizing the extreme 
variations that were observed in this study and help with better interpretation of the 
results. 
The study was limited by logistical time constraints. The duration of the field 




these three weeks and their consumption was monitored to see if the treatment 
brought about any changes in these three weeks. The researcher feels a longer duration 
of time for the field study would make the results more reliable. Also this study aimed at 
observing only the short term effects of providing feedback to the occupants. A scope 
for the future study could be to study the long term effects of providing feedback to 
occupants of an office building. 
The final recommendation of this study is a practical one. If the feedback 
provided comes from stakeholders, such as an institution or a company, it may turn out 
to be more effective. An interview participant felt that they would have been more 
interested and involved during the intervention period if the university was monitoring 
consumption and providing feedback. They felt that other occupants on the floor would 
also feel more motivated to reduce consumption if they knew that the university was 
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Appendix B Interview Questions 
1. Where all have you noticed energy consumption feedback information in the 
building? 
2. What did you think were the positive characteristics of the feedback? 
3. What did you think were the negative characteristics of the feedback? 
4. In what way did the feedback affect your behavior and attitude? 





Appendix C Raw Data of Consumption in kWh Pre & Post Intervention 
 
 
 
 
